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M. A. Chekhonadskiy and V. I. Yazdovskiy 

ABSTRACT 

Changes i n  t h e  needs of  experimental i n f o m a t i o n  arid the  
use of da t a  processing, especial ly  p r o b a b i l i t y - s t a t i s t i c a l  
mezhods, are discussed. Irivestigative and control  systems of 
da t a  processing a r e  discnssed f o r  unique space biology conCi- 
t ions ,  with Vostok f l i g h t s  used as e x z q l e s .  2rog;ress I s  
shown i n  automating informiition analysis ,  such as e q r e s s i n g  
b io loglca l  ind ica tors  by  ze tkeaa t ica l  equations. ?resent 
needs and correct ions i n  spade biology, such as information 
theory, a r e  shown. 

Xodern biology moves more and more from the q u a l i t a t i v e  evaluat ion ]loo* 
of phenomena to t he  ana lys i s  of  t h e i r  quan t i t a t ive  cha rac t e r i s t i c s .  
been a subs t an t i a l  change i n  t h e  requirements f o r  measurements car r ied  out  dur- 
ing s c i e n t i f l c  experiments, The experimental information obtained i s  subjected 
t o  a more extensive and intensive proce‘ssing and i n  recent  times e l ec t ron  com- 
pu te r s  have been used f o r  t h i s  purpose. As a r e s u l t  of  t h i s  t rend,  d a t a  
processing s y s t e x  are  being used more and more (ref. 1). 
s t a t i s t i c a l  methods of ena lys i s  p lay  iin important r o l e  i n  the  processing of  in-  
YonatLon. 
co l l ec t ion  of irii‘omation under f l i g h t  conditiocs i n  coslzlic space or i n  labora- 
di-j e q e r i y e z t s  uncier extreze conditions. 
experieent  i s  unique t o  some exten t  and the  quant i ty  of in forna t ion  i s  l imited.  

comes very inportant .  - 

There has 

The probabi l i ty -  

TZe r e l a t i v e l y  new f i e l a  o f  space biology i s  concerned with %he 

L i n  space biology each s c i e n t i f i c  

ni lcere30re, the  problem of co i lec t ing  and processing s c i e n t i f i c  information be- 

ir. space biology two  types of data processing systems are d i f f e ren t i a t ed :  
i nves t iga t ive  systems and control  sys t em.  The information obtained by in-  
ves t iga t ive  systems is  used i n  the  biological  study of f a c t o r s  which r e a c t  on 
the  l i v l n g  organism during space f l i g h t  (accelerat ion,  weightlessness,  radia-  
t i o n  and o the r s ) ,  and t h e  s tudy of cosmic space as a habi tab le  environment. 
This iriCormation i s  qu i t e  basic  for constructing hmotheses  and theo r i e s  i n  
space biology. 
t i o n a l  b io logica l  information necessary t o  provide f o r  f l i g h t  sa fe ty .  This 
involves a m’_nir,La number of neasurenents wi th  m v r i m u m  r e l i a b i l i t y .  The f irst  
space f l i g h t s  were of an experinenzal nature and the  d a t a  processing systems 
simultaneously perforzed the  1”unctions of control  and invest igat ion.  Appar- 
en t ly ,  i n  the I’uture the  inves t iga t ive  and cont ro l  systems aboard spacecraf t  

*Xuxibers given i n  t h e  margin ind ica te  the  pagination of t h e  o r i g i n a l  fo re ign  

The systems of medical cont ro l  are desigced t o  obta in  opera- 

t e x t .  



w i l l  be d i f f e r e n t  from the  stancpoinx of generated in loraa t ion ,  operating 
bise, se lec t ion  of parameters, s t r u c t u r a l  p e c u l i a r i t i e s ,  e t c .  C -  

F i b w e  1 shows t h e  block diagram of data processing systems used t o  ob- 
t a i n  b io logica l  data i n  laboratory experiments (a)  and during t h e  f l i g h t  of 
t h e  "Vostok" spacecraft ( b ) .  The basic u n i t s  of these  systems are t h e  secsors,  
t h e  m p l i f y i n g  and measuring u n i t s  and t h e  recording devices which feed informa- 
t i o n  t o  t h e  rad io  telemetry system when information is  t ransmit ted from t h e  
spacecraf t  t o  Earth.  

It i s  q u i t e  c h a r a c t e r i s t i c  of space biology t h a t  t h e  f l i g h t  and /101 
laboratory experiments are associated with a l a r g e  number of measurements with 
a l imi ted  amount of time avai lable  f o r  processing t h e  da ta .  

Exis t ing data processing s y s t e m  represent data i n  the  form of curves 
which c i r e c t l y  r e f l e c t  t h e  flow of a process with t i m e .  This is a t r a d i t i o n a l  
approach i n  biology although it requires CGnsiderable e f f o r t  a d  time t o  ex- 
t r a c t  t h e  necessary information. Therefore, it i s  q u i t e  important t o  present 
infornzkion i n  a form su l tab le  f o r  rapid use by medical personnel anL t o  aF>ly 
p r o b a b i l i t y - s t a t i s t i c a l  methods t o  extract  t h e  maximum amount of uselirl data.  

To  solve t h e  above problems, the data processing systems contain auto- 
matic processing uni t s .  
a t i n g  conditions of t h e  equipment these u n i t s  may be aboard t h e  spacecraft  o r  
they may be incorporated i n  t h e  ground r a d i o  telemetry s t a t i o n  and may operate 
together  with laboratory equipment ( f i g .  2) .  

Depending on t h e  nature of t h e  experiment a d  t h e  oper- 

I n  t h e  automatic processing of data, t h e  necessary calculat ions a re  car- 
r ied  out and t h e  information is  presented i n  condensed ana generalized form. 
I n  essence t h i s  process may be ca l led  t h e  process of coding. Eowever, it 
would be des i rab le  t o  present t h e  results of d a t a  processing i n  t h e  form of 
diagaoses--conclusions based on t h e  l o g i c a l  analysis  of a l l  measurable ind ica t -  
ors and t h e i r  deviat ions.  Thus t h e  data processing systems should include 
e lec t ronic  diagnost ic  machines which would develop t h e  diagnost ic  codes when 
infoLmation i s  fed t o  t h e i r  inputs.  i n  space biology t h e r e  i s  a s e r i e s  of 
addi t ional  conditions f o r  t h e  operation of such a machine, s p e c i f i c a l l y :  a 
necess i ty  f o r  a d i r e c t  introduction of d a t a  from subjec ts  i n t o  t h e  au-tomatic 
processing u n i t s ;  t h e  c r i t e r i a  f o r  evaluating data obtained under various 
f l i g h t  conditions a re  i n s u f f i c i e n t l y  developed; it is  necessary t o  take i n t o  
account t h e  c a p a b i l i t i e s  of a telemetering l i n k .  

The problem of automating t h e  s c i e n t i f i c  analysis  of b io logica l  informa- 
t i o n  i s  of tremendous i n t e r e s t  not only f o r  space biology. 
t h i s  d i rec t ion  have been taken i n  our country and abroad (refs. 2,3,4,5). 
1nfornat ion.has  been published on t h e  application of computer technology i n  
space medicine (refs. 6,7,8). 'However, f o r  t h e  data processing systems t o  
operzte automatically it i s  necessary t o  conduct a ,very l a r g e  amount of work 
t o  express b io logica l  concepts i n  mathematical form and t o  determine t h e  
re la t ionships  which descr ibe t h e  behavior of b io logica l  systems. 
i s  only now s t a r t i n g  and it is  important t o  note i t s  bas ic  d i r e c t i o n s  as they 
apply t o  t h e  problems of space biology. 

F i r s t  s teps  i n  

This work 

F i r s t  it i s  necessary t o  study /lo2 
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Figare 1. Data p o c e s s i n g  systems i n  s g x e  
biolo,q. a, la5oratory condizions; b, Ciu- 
ing space f l i g h t :  1, semors ;  2, axqlifying 
a d  aeasuring equipment; 3, rad io  t e l e n e t r y  
system aboard the spacecraf t  4, ground 
r a d i o  telemetry systems; 5, recording device. 

a 

b 

Figure 2. Automatic processing of medical 
information: a, a t  t h e  ground; b, aboard 
spacecraft  : S, sensors; A ,  m p l i f i e r s ;  RTS, 
r a d i o  telemetry system; AP, automatic pro- 
cessing u n i t ;  I, indica tor  of output data .  

thoroughly t h e  normal var ia t ions  i n  the invest igated biological  i n d i c a t e r s  
aii t o  express them by s t a t P s t i c a i l y  proven n m e r i c a l  values ana mathematical 
eqLatPons. 
cz l  
h i s  t r a i n i n g  i n  a centrifuge as a function’of t h e  applied acceleration. 

T:hi;s, f o r  exmpie,  .m e f f o r t  has been made t o  e q r e s s  i n  mathemati- 
Term t h e  equations for t h e  var ia t ion  i n  t h e  pulse  of a cosmonaut during 

It is  z l so  necessary t o  es tab l i sh  a cor re la t ion  between d i f f e r e n t  biolog- 
i c a l  i r d i c a t o r s  and t o  inves t iga te  the  diagnost ic  value of disrupted correla-  
t i o n s  when t h e  values of individual  parameters are retained.  
space f l i g h t  of G. S. Ti tov vest ibular  d i s rupt ions  w e r e  noted which were not 
accompanied‘ by.any pathological deviations of t h e  pulse and of resp i ra t ion .  
The autocorrelat ion function f o r  t h e  pulse frequency i n  t h i s  case changed i t s  
nature  and t h e  var ia t ion  f a c t o r  of t h e  parameter a l s o  increased ( f i g .  3 ) .  

Thus, during t h e  

A promising rnethod i n  t h e  development of automatic d a t a  processing sys- 
tems i n  space biology i s  t h e  loathematical simulation of t h e  reac t ions  of t h e  
l i v i n g  organism t o  d i f f e r e n t  f a c t o r s  of Space f l i g h t .  

due, f i r s t  of a l l ,  t o  the  extremely coaplex r e l a t i o n s  between the  elenents  
of a b io logica l  system and i n  the  second place t o  t h e  i n s u f f i c i e n t  l e v e l  of 
our lmowledge f o r  descr ibing biological  processes mathematically. The simula- 
t i o n  method i s  only now being applied in biology, and t h e  first experiments i n  
t h i s  d l r e c t i o n  have shown t h e  undisputed usefulness of t h i s  work. 

The problem of simula- 
L bion i3 biology i s  considerably more$ complicated than i n  tec-hnology. This i s  

3 
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Figure 3. 
rate of G. S. Titov before launch (a)  and i n  
weightlessness ( 3). 

Autocorrelation I 'wct ion for pulse 

Dzta have been published on the use of mathematical siriulaz2on 0: t h e  
grea te r  c i rcu la t ion  f o r  t h e  analysis  of t h e  e f f e c t  produced by cer;air, phzr- 
mzcologlcal methods on t h e  cardiovascular system ( r e f .  9 )  ana the simulat'ion 
of blood flow i n  upper aor tas  ( r e f .  IO). 
of simulation a t  t h i s  time i s  inadequate. We can Foint oi;t two basic  direc-  
t i o c s  Tor t h e  development of simulation i n  space biology. 

However, i n  space b i o l o m  t h e  use 

1. The development of mathematical models of physiological processes 
f o r  inves t iga t ive  p r p o s e s ,  i . e .  , Tor the  confirnztion of hypotheses on t h e  
physiological c;echanisms of space l l i g h t  f a c t o r s  as they a c t  on an organism 
a d  t h e  study of these mechanisms. Tnis  problem includes t h e  simulation of 
t h e  functions of individual  organs and systems, Tor exzmple, t h e  simulation 
of czrdiac functions,  functions of vessels -and of t h e  cardiovascular system 
as a whole under t h e  action of acceleration. 
deternined experimentally which describe t h e  processes ar,d t h e  funct ional  
i n t e r r e l a t i o n s  i n  t h e  operation of organs and systems m a k e  it possible  t o  de- 
velop a&iitional c r i t e r i a  for evaluating t h e  condition 
t h e  l imited number of recorded physiological ind ica tors .  

The mathematical re la t ionships  

of a cosnonaut from 

2. The deve1oFment of mathematical models f o r  control  and predict ion 
of ckznges 'in t h e  s t a t e  of t h e  cosmoriailt taking i n t o  account t h e  character-  
i s t i c s  of e z e r n a l  f a c t o r s  and the  continuous physiological information. Such 
rnoeels mzy be obtained by a synthet ic  general izs t ion or' t k e  results or' 
ghys io logicr l  simulation and t h e  results of mathematical analysis  of d a t a  ob- 
ta ined  during observations on a m a  under laboratory conditions and i n  space 
f l i g h t s .  This would make it possible  t o  diagnose on t h e  ground, t h e  probable 
deviations i n  t h e  state of t h e  cosmonaut during d i f f e r e n t  periods of time 
under d i f f e r e n t  combinations and extent of ex terna l  f a c t o r s .  The use of 
simulation i n  t h e  control  process would make it possible  t o  evaluate r e l i a b l y  
t h e  diagnostic value of recorded physiological information, t o  e s t a b l i s h  t h e  
v a r i a t i o n  of f-mctions which border on pathology and t o  e s t a b l i s h  t h e  optimum 
var ia t ions  of act ions.  

/lo3 

The p'roblem of t h e  b io logica l  simulation of space f l i g h t  includes a 
l a g e  nmber  of t echnica l  problems associated with t h e  design of s p e c i a l  meas- 
uring, recording and simulating devices. 

, 
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i n  t h e  process of accmulat ing 2a ta  cecessary Tor t h e  design of nodels, 
v~,;s-~le r e s u l t s  may be obtazned by ccnductlng e q e r i z e c t s  with aciaals . 
U L S  czce, oce of tke  basic reqGirezents f o r  thle da ta  p o c e s s i z g  s y s t e m  i s  
the  sln-&taaeous recording of a large 
on t h e  s u f z c e  of t h e  body (ECG sensms, resp i ra t ion  sensors) as wel l  as i n s i d e  
t h e  organism (electrodes,  inser ted  in to  d i f f e r e n t  regions of t h e  nervous sys- 
t e a ,  probes i n  cardiac c a v i t i e s  and ir, blood vessels ,  e t c . ) .  

I n  
.L 7.- 2 

number of fmlctions with semors placed 

A s  t h e  mathematical re la t ionships  which describe the  functions and ir , ter-  
r e i a t i o n s  of organs are establ ished,  it becomes necessary t o  u t i l i z e  compre- 
hensive measurement systems and simulating devices. 
which i s  picked up from some organ i s  applied t o  t h e  simulating device wliich 
reproduces t h e  function of another organ associated with t h e  f i rs t .  
exaxple of t h i s  i s  equipment which simulates t h e  var ia t ion  i n  cardiac coxtrac- 
t i o n  r a t e  under t h e  act ion of resp i ra t ion  (ref. ll), or t h e  above model of 
blood c i rcu la t ion  i n  aor ta  branches. 

I n  these systems t h e  s i g n a l  

AE 

5’”,aliy the  use of simulation for  pred ic t ing  ana control l ing t h e  s t a t e  
of the  cosmonairt involves t h e  design of complicated neasuricg syszems ax?< COT- 

>Liters takixg i n t o  accounz a l l  the  p o s s i b i l i t i e s  and l i m i t a t i o n s  prodwc- .,y 
conditlons of space f l i g h t .  , 

For space biology, where the  col lect ion of 8 l a r g e  aou7-t  of s t a k i s z i c s l  
information is  d i f f i c u l t  because t h e  number of experiments, p a r t i c u l a r l y  those 
conducted i n  f l i g h t ,  i s  l imited,  it i s  extremely important t o  develop methods 
of ex t rac t ing  t h e  m a x i m u m  mount of information from a minimum amount of data. 
The measurement system must reproduce t h e  e n t i r e  spectrum of values from in-  
dividual  measurements and must construct a continuous graph of t h e  invest igated 
f m c t i o n .  Then by expressing t h e  function i n  t h e  form of an equation and by 
solving it for some pre-assigned i n t e r v a l  of time we can pred-Lct conditions. 
Zowever, it i s  necessary t o  constantly correct  t h e  equations i n  accordmce with 
new ir,formation which i s  received. As  we have already pointed out, the  i n i t i a l  
predict ion may be car r ied  out by 2 n;athenatical model. 

a c t u a l  s t a t e  of t h e  cosmonaut with h i s  computed s t a t e  and transmit only t h e  
d i f fe rence  between these  values over the telemetering l i n k .  
t i o n s  i n  t h i s  case can be r a t h e r  smali, t h e  accuracy of measurement becomes 
very s i g n i f i c a n t .  
be made by taking i n t o  account several  allowable physiological deviations.  
Thus t h e  e r r o r  i n  measuring t h e  body temperature must not exceed 0.3-0.5 
degrees, while t h e  pulse  accuracy must be within 3-5 strokes/min. 

Then t h e  d a t a  proces- 
si- P system mst only perform t h e  function of a continuous comparison of t h e  

Since t h e  devia- 

The t h e o r e t i c a l  calculat ion of t h e  permissible e r r o r s  may 

I n  t ransmit t ing measured data f rom t h e  spacecraf t  t o  ground, d e f i n i t e  
l i x i t a t i o n s  are encountered due t o  the  capaci ty  of t h e  t e l e a e t e r i n g  chmnels .  
By t ransmi t t ing  only the  difference between t h e  value of a function and i t s  
predicted curve we can s u b s t a n t i a l l y  reduce the  loading of t h e  te le-  
metering l i n k .  Other methods of t ransmit t ing a l a r g e  mount of information 
over low capacity channels a re  associated with t h e  automztic se lec t ion  of s i g -  
n a l s  according t o  a d e f i n i t e  c r i t e r i o n ,  with d i f f e r e n t i a t i o n  and in tegra t ion  
of inves t iga t ive  functions,  and with correlat ion analysis .  Thus, i n  the  de- 
velopment of d a t a  processing systems t h e  r o l e  of i n f o m a t i o n  theory i s  q u i t e  
s ign i f icant .  

f 104 
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T3.e r e l i a b i l i t y  of bio-medicel ec_i;ipc;ext w?ck c o l l e c t s  i r ~ f o ~ a z l o n  'is 
qui te  Lm20rtant. The equipnent must r e z a i c  operstive w'ner, sGbjecsec t o  ac- 
celel-Etlons ar,d vibrat ions,  high and lot: t e q e r a t u r e s ,  cosx:lc radiatior,  acd 
vacwm. 
can l a s t  f o r  nontns or even years. In t h i s  case t h e  requirements with res- 
pect t o  weight and energy consumption are qni te  szringent s ince t h e  perfom- 
ance ckarac te r i s t ics  o f a  spacecraf t  are always l imited.  

It mst be s t a b l e  adring the e n t i r e  period of space f l i g h t ,  which 

The r e l i a b i l i t y  of bio-medical measurements i s  associated with t h e  
so lu t ion  of technical  and b io logica l  problems. 
t i o n  of t h e  methods of measuring and t h e  design of sensors, the  se lec t ion  of 
t h e  bes t  method of placing sensors on t h e  subject and t h e  development of a 
measurernext program--all t h i s  determines t h e  r e l i a b i l i t y  of the  aata processing 
systen i n  recording b io logica l  processes. The methods of measureoents and 
t h e  sensors f o r  medical control  must be descgned for prolonged a s e  on t h e  
subject ,  so t k a t  it is  possible  t o  perform csntinuous and perioc.ic control  
and &so control  a t  any i n s t a n t  03 f l i g h t  as necessary. 
produce m d e s i r a b l e  sensation o r  i n t e r f e r e  with the  normal a c t i v i t y  of a 
cosmor,a+. 
development of portable  sensors. 
adjusted by t h e  f l i g h t  crew during space f l i g h t  r a i s e s  t h e  r e q u i r e m n t s  f o r  
t h e i r  standzrdization and s impl ic i ty  and consequently t h e i r  r e l i a b i l i t y .  

Such problems are: t h e  selec-  

The sensors n u t  not 

A la rge  number of recorded physiological p a r m e t e r s  requires  t h e  
The necessi ty  t h a t  they be i n s t a l l e d  and 

It i s  necessary t o  provide f o r  the  monitoring of cosmonauts when they 
move f r e e l y .  
m p l i f y i n g  measuring devices must be achieved by means o f . r a d i o  channels and 
not with w i r e s  ( f i g .  4) .  Systems of t h i s  t n e  a re  ca l led  small telemetry i n  
space biology t o  d i f f e r e n t i a t e  them from "large" telemetering systems l ink ing  
t h e  ship with t h e  ear th .  A t  t h e  present t - b e  t h e  transmission of biologic& 
i f i f o n a t i o n  from a f r e e l y  moving subject i s  imdergoing develo2ment i n  sport  and 
cl in ' ical  medicine and i n  aninal  husbandry (rei's. 12,13,14,15, and 16) .  Similar 
systems may be used i n  space biology with minor modifications t o  s a t i s f y  t h e  
reqdirenents  of t r a n s f e r r i n g  information over very shor t  dis tances  f o r  a pro- 
loriged Eeriod of t i m e .  

This means t h a t  t h e  introduction of information from sensors i n t o  

Cur a t t e n t i o n  should be d i rec ted  towards t h e  development of spec ia l  
m i n i a t x e  rad io  telemetry systems f o r  invest igat ing small animals during t h e i r  
f r e e  movement. I n  t h i s  case t h e  sensors, m p l i f i e r s  and t ransmi t te rs  a re  
secured on t h e  animal by implanting them i n t o  t h e  t i s s u e .  
an increased r e l i a b i l i t y  of such systems. 
r e l i a b i l i t y  of data processing systems are opening up i n  connection with work 
i n  t h e  f i e l d  of bionics which appl ies  the  pr inc ip les  of information processing 
i n  t h e  sensing organs and the  nervous systems of animals t o  engineering informa- 
t i o n  systems. 

This provides f o r  
Some prospects of improving t h e  

Thus t h e  development of space biology poses a series of complex problems 

We have considered only some of t h e  problems associated with t h e  pro- 
t o  t h e  inves t iga tors .  
nature.  
cessing of b io logica l  information, t h e  simulation and r e l i a b i l i t y  of equipment. 

These problems are both of a b io logica l  and technica l  

6 



on on on 
cosmonaut c r a f t  ground 

Figure 4. 
s ,  sensor; A, mpli'fier; T ,  transmitter;  Re, 
receiver; A?, mplifying and measuring 
equipment aboard the spacecraft; RS,  radio 
telemetry system aboard the  ship; R, recorder. 

Snal1 telemetry aboard spacecraft. 

Tie success of t h e i r  solution depends t o  a large extent on the  developent  of 
data processing systems which s a t i s f y  the  biological requirements of space 
f l i g n t  . 
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